Abstract: GaN ridge waveguides were fabricated by selective area growth in an Organometallic Vapor Phase Epitaxial system. The growth enhancement on a 3.5µm wide exposed channel versus the masked area width was measured. The propagation losses of a series of GaN multimode waveguides, with different widths, were measured by the out-scattering technique at λ=488nm. The internal optical loss of the GaN ridge waveguide was found to be α int ~ 4.45cm -1 . Sidewall scattering loss (α scat ) and the additional optical loss due to metal electrodes were also measured. The fabricated waveguides may be a basic component for integrated optic circuits.
Recent progress in GaN-based light emitters 1, 2 and detectors 3, 4 motivates the development of optical waveguides 5 with the future prospect of integrated optical systems (IO), implemented monolithically in the Ga(Al, In)N material system.
Selective area growth (SAG) is based on the fact that there is no material growth on regions of a wafer covered by a dielectric material such as silicon dioxide or silicon nitride. Thus, by dielectric coating and patterning the underlying epitaxial substrate, the growth proceeds selectively only on the exposed (unmasked) regions. It has been shown that the dislocation density of GaN films produced by SAG is reduced and the material quality is improved. 6 Furthermore, the side-facets of GaN structures, fabricated by this technique, are found to be smooth and flat. Waveguide imperfections cause coupling among forward traveling modes.
The change in the average power of mode n, P n , is defined 10 by:
where h nv represents the power coupling coefficient (h nv = h vn ) 10 and 2α n is the power loss coefficient. We define 2α n = α int + α scat, n , where α int represents the total material losses and α scat, n is the external scattering of mode n (caused by interface roughness). By substitution of
into Eq. ) 1 ( , we get a system of first order differential equations. The eigenvalue σ represents the modal losses. 12 As long as steady state among the modes is not yet reached, the decrease of the power depends on the power distribution between the modes. However, once the steady state is reached, the average power carried by each mode decreases at the same rate, so that the total power distribution decreases without change of its shape. 10 As a result of that, the propagating light intensity in a multimode waveguide at the steady state decays exponentially. 10 The losses caused by external scattering can be estimated by measuring the roughness of the channel walls, σ w 13 :
where K = (4π/λ)σ w , λ is the wavelength in the film, f(θ n ) = (cos 3 θ n /sinθ n ), θ n = arc_sin(λβ n /2πn eff ) 13 , β n is the propagation coefficient of the nth mode, p n and r n are the transverse decay constants of the nth mode in the cladding layers. β n , p n , r n and n eff can be calculated by the effective index method. 14 Since W>>λ, the relation 1/r n , 1/p n << W is satisfied for all the guided modes.
The power distribution among the modes in waveguides of our type is almost identical, 11 therefore we may write the average value ( ) n f θ as a constant in Eq. ) 3 ( : No metal, σ=6.4cm
Metal, σ=11.625cm
No metal, σ=6.446cm
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